Background: The aim of this study was to determine total phenolic and flavonoid contents and antioxidant activities of Giant Snowdrop (Galanthus elwesii Hook). Objective: Giant Snowdrop, the second most common snowdrop in cultivation, has a long traditional use in folk medicines as it contains some alkaloids and phenolics. Material and Methods:
INTRODUCTION
The genus of Galanthus of the family Amaryllidaceae, consisted of approximately 1100 species in 85 genera, is well known for its alkaloids with diverse chemical structures and biological activities. Galanthus elwesii Hook (Giant snowdrop) is native of Asia Minor and locally distributed in the North and South Anatolian mountainous districts. Galanthus contains a variety of seconder metabolites, flavonoids, phenolics, terpenoids and some important alkaloids such as galanthamine and lycorine which are important for the modern pharmacological and therapeutical strategies. Amaryllidaceae family has been proven to have a wide spectrum of biological activities including antiviral, antitumor, antibacterial and anti-inflammatory activities.
1,2 Due to their important medicinal properties, it has been of considerable interest to determine the content of the alkaloids present in the plants of Amaryllidaceae family. On the other hand, antioxidant capacity and its physiological background is poorly studied in Amaryllidaceae, even though many species of this family are known for their medicinal value. Antioxidant activity of plants may be due to their phenolic compounds. Flavonoids are a group of polyphenolic compounds with known properties including free radical scavenging, inhibition of hydrolytic and oxidative enzymes and anti-inflammatory action. 3 A study in Galanthus woronowii revealed that total phenolic content and consequently antioxidant activity were high. 4 In the literature, there was no study aimed at determining antioxidant activity, total phenolic and flavonoid content of giant snowdrop. Therefore, the present study was carried to determine total phenolic and flavonoid contents and antioxidant activities of giant snowdrop in terms of plant organ and growing stage.
MATERIAL AND METHOD

Plant material
Plant material was grown in Amasya province of Turkey, in autumn-winter growing period of 2016-2017. Samples were taken from different plant organs (root, leaf, flower and bulb) at different growing stages (start and after flowering, fruit ripening).
Total phenolic and total flavonoid content
The total phenolic content of the plant extracts was determined using the Folin-Ciocalteu reagent. 5 Absorbance was measured at 760 nm and standard gallic acid solution (5-1000 mg, 0.1 ml -1 ) standard curve was obtained and the results were expressed in gram gallic acid equivalent GA/100g dry plant, which was performed duplicate. The total flavonoid content analysis of the plant extracts was determined using aluminum chloride (AlCl 3 ) and quercetin as standards. 6 The results were expressed as mg quercetin (QE/g) after obtaining the standard curve (5-1000 mg, 0.1 ml -1 ).
Extraction procedure and determination of phenolic profile via RP-HPLC
The homogenized sample was weighed and transferred to a beaker. Then, 70% (v/v) ethanol was added into the ultrasonic bath for 3h since temperature was controlled by ice bath system setup at 30-35°C and this was produced in duplicates, The extract was then separated from the residue by filtration. The residual solvent was removed under reduced pressure. The same extraction procedure using 70% (v/v) ethanol as an extraction medium was carried out on all sample to determine antioxidant activity and phenolic content. RP-HPLC analysis of extracts was carried out using the Shimadzu Prominence Modular LC20A system via C18 column 250x4.6 mm id; 5 µm. The column temperature was controlled at 27°C and injection volume was kept 50 µL. The mobile phases were consisted of 1% acetic acid in ultrapure water (A), and methanol (B) with flow rate 0.9 ml/min. The gradient system was performed; the eluent was held at 3 min 90% A, 15 min 80% A, 12 min 75% and finally was achieved with 90 % A and 10 % B for 15 min. The quantification was made by UV-vis absorbance photodiode-array detector (DAD) at 280 nm and 320 nm. Each compound was identified by comparisons with related standards and calibration curve.
The antioxidant activity methods
Free radical scavenging activities of the plant extracts and synthetic antioxidant substances used in the study, prepared in methanol at concentrations of 25-400 μg/mL, were determined in accordance with the Shimada method 7 based on the principle of scavenging the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical. Metal chelating activity was measured chelating of ferrous ions by extracts and standard molecules was generated via the Dinis et al. method. 8 The different concentrations of the extracts and standards (25-50-100-200-400 μg/mL) were reacted with FeCl 2 and ferrozine after finished procedure; absorbance of the solution was measured at 562 nm in multiplayer reader spectrometer. Total reducing activity was detailed the Oyaizu methods. 9 The range of 25 to 400 μg/mL concentrations of extracts were used with potassium ferric cyanide method, and the absorbance was measured at 700 nm in a spectrophotometer. Increased absorbance of the reaction mixture indicates an increase of reduction capability.
RESULTS AND DISCUSSION
The selection of objects aimed evaluating the antioxidant activities of extracts associated with flavonoid and phenolic content. Some of species with biological activity were analyzed narrow distributions. 1 In Galanthus elwesii extracts, the highest phenolic content (42.63 mg of GA/g) was detected in the bulb at fruit ripening stage while the lowest phenolic content (18.15 mg of GA/g) (Table 1a) was detected in the root at fruit ripening stage. Similarly, the highest flavonoid content (58.63 mg of QE/g) was detected in the bulb at fruit ripening stage while the lowest flavonoid content (19.46 mg of QE/g) was detected in the root at fruit ripening stage (Table 1b) . Three subclasses of phenolic compounds were detected in all extracts by using HPLC, hydroxybenzoic acid and hydroxycinnamic acid, flavonol and isoflavonol. A total of the 6 phenolic compounds were identified in all growing stages (at the beginning of flowering, after flowering and fruit ripening). Higher concentrations of flavonoid and phenolic compounds were detected in the leaf samples than in the other plant parts, especially after flowering stage ( Table 2) . The results of antioxidant properties of extracts estimated by the DPPH radical scavenging, metal chelating and reducing activity. All antioxidant methods were significantly affected by growing stages and plant organs with interaction between the two (Figure 1) . The same type of correlation between antioxidant activity and phenolic content has been demonstrated in different growing stage as well as their plant part. Under 3 methods of antioxidative activities results utilized in the work showed parallel sequence of activity: Fruit ripening (3,6,9) > After flowering (2, 5, 8) > Beginning of flowering (1,4,7) . Remarkable differences among leaf, bulb, root, and flower were found for the target antioxidative activity: leaf > flower > bulb > root.
CONCLUSION
Higher concentrations of flavonoid and phenolic compounds were detected in the leaf samples than in the other plant parts of giant snowdrop, especially after flowering stage. Our results showed that antioxidant activity of snowdrop might vary based on plant organs and plant growing stages, with the leaf showing higher antioxidant activity than the other plant parts. 
PICTORIAL ABSTRACT SUMMARY
• Giant Snowdrop, including certain alkaloids and phenolic compounds, shows antioxidant activity and has a long traditional use in folk medicine. • The samples taken from different organs (root, leaf, flower, and bulb) at three growth stages (beginning and after flowering, fruit ripening) were used to monitor alkaloid and phenolic contents and antioxidant properties. • Higher concentrations of phenolic compounds were detected in the leaf samples, particularly after flowering, with higher antioxidant activity.
• Antioxidant activity of snowdrop may show a considerable variability based on plant parts and growing stages.
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